INTRODUCTION {#sec1-1}
============

Overweight is a risk factor for developing osteoarthritis (OA) and being overweight accelerates the progression of the disease.[@ref1] Previous studies have established causal link between obesity and osteoarthritis.[@ref2][@ref3][@ref4] Two theories explained how obesity causes OA.[@ref5][@ref6][@ref7][@ref8] The mechanical theory of causation posited that obesity leads to repetitive application of increased load on the knee joint with consequent degeneration of articular cartilage and sclerosis of subchondral bone.[@ref5][@ref6] The metabolic theory of causation suggests that obesity act indirectly to increase the risk of OA via metabolic factors or associated factors that adversely affect cartilage and other joint structures.[@ref7][@ref8]

Weight control is often considered a modifiable factor in the behavioural management of knee OA,[@ref9] and there is ample evidence that obesity increases the progression of the disease. Manek *et al*.,[@ref10] reported a strong association between high body mass index (BMI) and incidence of knee OA; and the prevalence of knee pain secondary to OA has been reported to increase with elevated BMI.[@ref11] Dougados *et al*.,[@ref12] in a longitudinal study of knee OA patients reported that obese patients are more likely to experience progressive disease than non- obese patients. Also, Felson *et al*.,[@ref9] in the Framingham study reported that if obese men (BMI \> 30 Kg/m^2^) lost enough weight to fall into the overweight category (BMI 25-29.9 Kg/m^2^), and if men in the overweight category lost enough weight to move into the normal category (BMI \< 25 Kg/m^2^), knee OA would decrease by 21.5%. Also, similar changes in weight categories by women would result in a 33% decrease in knee OA.[@ref9]

The common symptoms of knee OA that make patients to seek treatment are pain and loss of function.[@ref13][@ref14] Modalities recommended for the management of OA could be pharmacological and non-pharmacological. While the pharmacological agents often recommended for the management of knee OA include acetaminophen, oral and topical Nonsteroidal anti-inflammatory drugs (NSAIDs), tramadol and intra articular corticosteroid injections, non-pharmacological modalities include instruction in joint protection techniques, provision of assistive devices, use of thermal modalities and therapeutic exercises.[@ref15] Within the arrays of non-pharmacological modalities used for the management of OA, there is strong evidence for the benefits of exercise in relieving pain and improving functional status in patients with knee OA.[@ref16][@ref17][@ref18] A local strengthening exercise programme of the quadriceps femoris can significantly improve pain status and reduce disability level with accompanying improvement in proprioception and balance in patients with knee OA.[@ref19] Also, exercise therapy in conjunction with standardised analgesic has been advocated as a viable and effective first choice approach in the management of knee OA.[@ref20] Further, a combination of supervised range of motion strengthening exercise and supervised bicycle ergometry[@ref21] and dynamic or resistance exercise[@ref22] have been found to improve functional ability and reduce knee joint pain in patients with knee OA.

Since high BMI is known to increase the progression of knee OA, it is plausible that it may also interfere or mediate with pain control and physical function\'s outcomes during routine symptomatic treatment of knee OA. This study, therefore, aimed to investigate the effect of body mass index on pain and function during a four week exercise therapy programme among knee OA patients.

MATERIALS AND METHODS {#sec1-2}
=====================

Forty-six patients (31 women and 15 men) with a mean age of 55.5 years participated in this study. Participants were referred by their physician or were self-referred for physiotherapy treatment. Participants were selected for the study if they had radiographically confirmed unilateral or bilateral OA of the knee and had not previously received knee strengthening exercise. Lower quarter screening tests were conducted as described by Saunder[@ref23] to rule out pain referred from elsewhere. The examination comprised a series of joint mobility and neurological tests to identify possible problems with the lumbar spine, hip, knee, ankle and the foot. Subjects were asked to refrain from taking medications or receiving treatment specifically for their knee pain during the course of the study.

At the first appointment, each participant\'s age, height and weight were measured and recorded. Height was measured to the nearest centimetres with a height metre (Baum WA, Company Incorporated New York), while weight was measured to the nearest kilogram with a weighing scale (Hana, Germany). The BMI was calculated as weight in kilogram divided by the square of height in meters. The BMI was then categorised as normal weight (18.5-24.9 kg/m^2^), overweight (25.0-29.9 kg/m^2^) and obese (≥30.0 kg/m^2^) according to the World Health Organisation (WHO) classification.[@ref24]

Participants' knee pain was rated on a 10-point rating scale: Where 0 was labelled "no pain", 5 was labelled "moderate pain" and 10 was labelled "worst pain imaginable". Participants were asked to point to the number corresponding to his or her pain intensity and this was recorded. Pain rating was completed in full weight bearing and instructions were given to participants not to under- or over-estimate their pain. Subsequent ratings were conducted at the end of every treatment session.

Each participant\'s also completed the Western Ontario and McMaster University Osteoarthritis Index (WOMAC), which is reported to be valid for the assessment of symptoms and physical function disability in patients with OA of the knee.[@ref25] Participants' rated the 24 questions (5 relating to pain, 2 to stiffness and 17 to function) of WOMAC on a five-point likert scale: 0 = none, 1 = slight, 2 = moderate, 3 = severe and 4 = extreme. Participants' attended two treatment sessions each week for 4 weeks (total, 8 treatments), with at least 24 hours between each treatment. WOMAC score was assessed at the end of each week of treatment (appointment number 1, 4, 6 and 8).

Exercise therapy {#sec2-1}
----------------

During each appointment, participants underwent an exercise programme. The exercises included isometric exercise of the quadriceps and bicycle ergometry. Quadriceps- strengthening exercise was performed using metallic interchangeable weights (Preston Corporation, Clifton, NJ, USA) fastened to the ankle of the affected legs. The Delorme and Watkin principle of 10-repetitive maximum (10 RM) was used to determine and standardise the weight used by each participant.[@ref26] Participants' sat on the edge of a plinth with the back fully supported and the two hands holding the edges of the plinth. Participants' performed isometric knee extension exercise from a starting position of 0° knee flexion. Participants' were helped by a physiotherapy clinician to lift the weight through 90° to 180° extension. The extension was sustained for 10 seconds (isometric) before the leg was lowered (with help, if required) and rested for 5 seconds. Participants repeated the exercise 10 times to make one bout. A total of 10 bouts were performed with 2 minutes rest in between bouts (total of 100 contractions).[@ref26] Each participant began with the maximum load that could be sustained for the first week and progressed in subsequent weeks depending on the new weight that could be sustained.

Participants' were allowed to rest for at least 5 minutes before riding the stationary bicycle ergometer with an initial resistance set at 25W for 6 minutes. The resistance was increased to 35, 45 and 55W in the second, third, and fourth week, respectively. The power output chosen was based on the recommendation of Pollock and Willmore[@ref27] for middle aged and less fit patients. These progressions ensure gradual increase in demand for improve cardiovascular endurance gain and were tolerated by all patients. Bicycle ergometer is a form of aerobic exercise that has optimal health benefits in health-related quality of life and physical function.[@ref28]

The exercise protocol was carried out at the exercise gymnasium of the Physiotherapy Department of the Obafemi Awolowo University Teaching Hospital Complex. Information about the study and the physiological and therapeutic effects of exercise was communicated to the participants verbally and in written form, and all participants gave signed informed consent. The Obafemi Awolowo University Teaching Hospital Complex, Ile-Ife, Nigeria approved the study protocol, before the commencement of the study.

Data analysis {#sec2-2}
-------------

Descriptive statistics of mean and standard deviation was calculated for the physical characteristics of participants. A separate one-way analysis of variance (ANOVA) was performed to compare pain scores and WOMAC scores between the BMI categories at baseline and 4^th^ week of treatment. Also, a two-way repeated measure ANOVA was performed to examine the effects of time and group on pain score and WOMAC score. The analysis was done using Statistical Package for Social Sciences (SPSS) for windows 10.0, and *P* value of less than 0.05 was accepted as significant.

RESULTS {#sec1-3}
=======

The participants age ranged between 34 and 69 years (Mean = 55.5, SD = 9.0). Fifteen (32.6%) were males and 31 (67.4%) were females. The base line pain intensity and physical function scores were significantly different between the three groups. There was also a significant difference in post treatment pain score at the 4^th^ week but not in the 4^th^ week post treatment WOMAC score. The difference in mean age and treatment outcomes across the BMI group are shown in [Table 1](#T1){ref-type="table"}.

###### 

One-way ANOVA on age, pain intensity and WOMAC scores among normal weight, overweight and obese participants

![](NMJ-54-230-g001)

*Post hoc* analyses showed that both the overweight and obese group significantly had higher baseline pain intensity scores compared to the normal weight group. However, for physical function, obese participants had more functional limitation (higher WOMAC score) than both the overweight and normal weight participants \[[Table 2](#T2){ref-type="table"}\].

###### 

Least significant difference *post hoc* comparison of pain and function at baseline (week 1)
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[Table 3](#T3){ref-type="table"} shows the *Post hoc* analysis of the 4^th^ week post treatment outcome on pain intensity. Significant *Post hoc* difference was found between the normal and overweight groups and between the normal and obese groups, but not between the overweight and obese groups. No significant difference exists in the 4^th^ week post treatment scores of function across the three BMI groups.

###### 

Least significant difference *post hoc* comparison of pain intensity score at 4^th^ week post treatment

![](NMJ-54-230-g003)

The two way repeated ANOVA showed that time (F = 1049.401, df = 1, *P* \< 0.001) and group (F = 9.393, df = 2, *P* \< 0.001) had significant effect on change in mean pain intensity scores \[[Figure 1](#F1){ref-type="fig"}\]. Also, significant effects of time (F = 595.744, df = 1, *P* \< 0.001) and groups (F = 5.431, df = 2, *P* = 0.008) were found on changes in physical function scores over time \[[Figure 2](#F2){ref-type="fig"}\].

![Mean pain intensity scores for each BMI group during the four weeks of treatment](NMJ-54-230-g004){#F1}

![Mean WOMAC osteoarthritis index score for each BMI group during the four week treatment](NMJ-54-230-g005){#F2}

DISCUSSION {#sec1-4}
==========

The effect of three BMI categories (normal weight, over weight and obese) on pain and function during exercise therapy among individuals with symptomatic OA of the knee was examined in this study. There was no significant difference in age between the BMI groups, indicating that the participants in this study were comparable by age at baseline. Overall significant post treatment benefits of exercise on pain and function were found in the three BMI groups. These results reaffirm that exercise is beneficial in the management of knee OA. Previous studies have reported that well-developed exercise therapy involving strengthening of the quadriceps can significantly relief pain, improve function and lessen drug use in patients with knee OA.[@ref18][@ref22][@ref29]

The finding of higher baseline pain intensity score among the overweight and obese group than the normal weight group is understandable. Previous studies have reported the prevalence of knee OA to be higher among patients with higher body weight than those with lower body weight.[@ref9][@ref11] Clearly, being overweight increases the load placed on the knee joints, and possibly elevate mechanical stress that hasten the break-down of joint cartilage with concomitant increase in joint pain.[@ref1] Moreover, the mechanical irritation that accompanied compressive force on the subchondral bones of the knee joint has been reported as a potential initiator of pain, and being overweight or obese increases this pain.[@ref30] It is estimated that a force of nearly three to six times the body\'s weight is exerted across the knee joint while walking, and an increase in body weight elevates the impact of this force on the knee.[@ref5]

At the fourth week of treatment, a significant *Post hoc* difference in pain intensity between the normal weight and overweight group and also between the normal and obese group but not between the overweight and obese group was found. It is not clear while no difference in treatment effect was found between the overweight and obese group. The finding, however, reflects that the post treatment effect in the overweight and obese group may be different from those in the normal weight group. However, when view in the context that differences exists across the three BMI groups at baseline, it is potentially likely that overweight contribute as much as obesity in militating against treatment benefit on pain in this study. It is also plausible that being overweight is sufficient to exert the minimum amount of axial compressive force needed to excite pain receptors in the subchondral bone, hence, a likely reason for the no significant difference found in the overweight and obese group.

The study found no significant difference in the post treatment physical function scores across the three BMI groups at the 4^th^ week of treatment. This may suggests that BMI have little effect on the outcome of function during treatment; as comparable improvement was found in post treatment function scores between the normal weight, overweight and obese group. This finding is important when compared with the post treatment outcome on pain. It may be that function rather than pain is better influenced by exercise therapy regardless of BMI status in knee OA patients. The result of Deyle *et al*.,[@ref17] though not statistically significant reflects that function is better influenced by exercise and manual therapy than pain and stiffness in OA patients. The finding from the present study, however, needs to be interpreted with caution as function reported in this study was self-reported and not based on actual functional performance of the participants. It has been suggested that self-report of function and physical performance of function represent different domains that should be measured differently in OA patients.[@ref13][@ref31]

The present study has some limitation that should be considered when interpreting the findings. First, generalisation of the findings is limited because the effect of BMI was only evaluated on outcomes from a single treatment approach (exercise therapy alone) within a gamut of other approaches available to the management of knee OA. Furthermore, the small sample size utilised within the BMI categories provided limited power for the study to detect significance differences, thereby, increasing the chance of occurrence of type two errors.[@ref32] Also, because the study did not utilise a prospective (longitudinal) cohort design, it would be difficult to speculate on the long term benefits of exercise on the symptomatic relief of pain and function in individuals with knee OA.

CONCLUSION {#sec1-5}
==========

The findings from the present study indicate that structured exercise programme is beneficial in the treatment of knee OA among patients with varying BMI, and being overweight independent of being obese may mediate on pain outcome effectiveness during the symptomatic treatment of knee OA patients. It is, however, imperative that future studies should confirm these findings in large sample and also explore the effects of overweight and/or obesity on pain and function during routine pharmacological intervention and other available non pharmacological modalities.
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